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Abstract
To analyze the short-term clinical effect of photodynamic therapy on bronchial lung cancer and provide relevant practical
experience for its better application in clinical practice. Twenty patients with bronchial lung cancer diagnosed by pathology
were treated with photodynamic therapy or interventional tumor reduction combined with photodynamic therapy. Follow-up at
3 months after treatment, the chest CT and bronchoscopy were reexamined. The lesions were observed under a microscope, and
the pathological specimens of living tissues were stained with HE and TUNEL to evaluate the short-term clinical effect. The
volume of the tumor in the trachea or bronchuswas smaller than before and the obstruction improved after the PDT from the chest
CT. We could conclude that after PDT, the tumor volume was reduced and the pathological tissue appeared necrotic, the surface
was pale, and the blood vessels were fewer while compared with before, and less likely to bleed when touched from the results of
the bronchoscopy. HE staining showed that before treatment, there were a large number of tumor cells, closely arranged and
disordered, or agglomerated and distributed unevenly. The cell morphology was not clear and the sizes were various with large
and deeply stained nucleus, and the intercellular substance was less. After treatment, the number of tumor cells decreased
significantly compared with before and the arrangement was relatively loose and orderly. The cells were roughly the same size;
the intercellular substance increased obviously and showed uniform staining. The nuclei morphology was incomplete and
fragmented, and tumor cells were evenly distributed among the intercellular substance. TUNEL staining showed that the number
of cells was large and the nucleus morphology was regular before treatment; the nuclear membrane was clear and only a small
number of apoptotic cells could be seen. However, the number of cells decreased and arranged loosely after treatment, with
evenly stained cytoplasm. The nuclear morphology was irregular and the nuclear membrane cannot be seen clearly. Apoptotic
cells with typical characteristics such as karyopyknosis, karyorrhexis, and karyolysis were common. Photodynamic therapy for
bronchial lung cancer can achieve a satisfactory short-term clinical treatment effect and improve the life quality of patients, but
the long-term clinical effect remains to be further studied.

Keywords Photodynamic therapy . Bronchial lung cancer . Short-term clinical treatment effect . Clinical cases

Cunzhi Lin and Yuanyuan Zhang contributed equally to this work and
should be considered co-first authors.

* Shichao Cui
cuishichaoCSC@163.com

Cunzhi Lin
lindoc@126.com

Yuanyuan Zhang
13220950371@163.com

Qian Zhao
zhaoq03_01@163.com

Pingping Sun
QDsunpingping@163.com

Zhe Gao
gzqq54@yeah.net

1 Department of Respiration and Critical CareMedicine, The Affiliated
Hospital of Qingdao University, Qingdao 266000, Shandong, China

https://doi.org/10.1007/s10103-020-03080-5

/ Published online: 27 June 2020

Lasers in Medical Science (2021) 36:753–761

http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-020-03080-5&domain=pdf
mailto:cuishichaoCSC@163.com


Introduction

Lung cancer is one of the malignant tumors with the highest
morbidity and mortality around the world, and its incidence is
increasing year by year, which is seriously endangering hu-
man health [1, 2]. Early patients can be treated with surgery,
but some patients with bronchial lung cancer often have
missed the opportunity of radical surgical resection when they
are diagnosed. Chemotherapy and radiotherapy are greatly
affected by the patient’s physical conditions, and the side ef-
fects are serious, while bio-targeted therapy is not necessarily
suitable for everyone and is easy to produce drug resistance.
As a minimally invasive treatment for malignant tumors, pho-
todynamic therapy (PDT) can significantly improve the prog-
nosis of patients with bronchial lung cancer and improve their
quality of life [3]. The term “photodynamic therapy” was first
coined by Tapperner in 1907 [4] and gradually developed in
the late 1970s for the treatment of tumors. However, until
1978, Dougherty et al. used PDT to conduct systematic treat-
ment research on skin and subcutaneous tumors [5]. As one of
the photosensitizers approved for use in China, hematopor-
phyrin derivatives (HPDs) are mainly used for the treatment
of tumors [6]. In 1960, Lipson et al. developed the photody-
namic characteristics of HPD, which were clinically applica-
ble to breast cancer patients in 1966. It has been proved that
after several hours, injection of HPD performed PDT can se-
lectively destroy metastatic breast cancer. In 1996, hemato-
porphyrin became the first photosensitizer officially approved
for clinical use. As the representative of the first-generation
photosensitizer, it is widely used in the treatment of various
diseases. In recent years, with the development of semicon-
ductor lasers and new photosensitizer, PDT has been paid
more and more attention in the treatment of tumors and has
become one of the most active research fields in the preven-
tion and treatment of cancer in the world.

However, there is no worldwide consensus and treatment
method is mainly based on previous experience. In this paper,
the prognosis and symptom remission of patients with bron-
chial lung cancer treated by PDT in our hospital were studied
to analyze the short-term clinical effect of PDT on bronchial
lung cancer and to provide more practical experience for its
better application in clinical practice.

Materials and methods

Clinical data

Twenty patients diagnosed with bronchial lung cancer in
Huangdao Hospital District, The Affiliated Hospital of
Qingdao University were collected. Inclusion criteria: (1)
Pathological diagnosis was lung adenocarcinoma, squamous
cell carcinoma, or mucinous adenocarcinoma; (2) the

treatment method was PDT or combined PDT after interven-
tional tumor reduction. Exclusion criteria: (1) Simple surgical
resection without PDT; (2) those whose physical condition
were unable to tolerate the bronchoscope.

Among the 20 patients, there were 15 males and 5 females.
The patients were aged (66.8 ± 7.30) years, with a median age
of 66.5 years. There were 16 cases of squamous cell carcino-
ma, three of which were squamous cell carcinoma with mu-
cinous adenocarcinoma and 4 cases of adenocarcinoma
(Table 1). Thirteen cases were treated with combined PDT
after interventional tumor reduction, and 7 cases were treated
with PDT without tumor resection. All patients were both
treated combined with chemotherapy or radiation or targeted
therapy. Twenty patients were diagnosed as bronchial lung
cancer by chest CT, bronchoscopy, percutaneous lung biopsy,
and histopathology. The informed consent was signed by the
patients and their families, and this study was approved by the
hospital ethics committee.

Photodynamic therapy

Indications: (1) Indications for radical treatment: Early prima-
ry central lung cancer, no lymph node metastasis, and distant
metastasis were found in imaging examination; the maximum
diameter of unilateral lesion was less than 1 cm in those who
were unable or refused surgical operation; the precancerous
lesion of trachea and bronchus only involved mucous mem-
brane and submucosa, and the length and infiltration depth
were both less than 1 cm. (2) Palliative treatment: The maxi-
mum diameter of primary or metastatic unilateral lesion was
more than 2 cm and blocked the lumen, causing dyspnea; local
recurrence of stump after operation of lung cancer; refractory
endobronchial neoplasms that recurred after radiotherapy and
chemotherapy and blocked the tracheobronchial lumen; the
lesion invaded the bronchial cartilage or the outer membrane.

Contraindications: Allergic to photosensitizers; hemato-
porphyrin and other diseases worsened by light, such as sys-
temic lupus erythematosus and dermatomyositis; obvious co-
agulation dysfunction; patients with severe cardiopulmonary
insufficiency, hepatorenal insufficiency, hypertension, history
of heart disease; pregnant women; the tumor has invaded the
peripheral large blood vessels. Destruction of the tracheal
wall; the patient was in a state of cachexia and the estimated
survival time is less than 3 months.

Methods

Photodynamic therapy is based on the guidelines of
“Chinese expert consensus on Clinical Application of
Photodynamic Therapy for Respiratory tract tumors.”
Before PDT, patients and their families should be informed
of the process of PDT, intraoperative risks and possible
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postoperative complications, prognosis, and follow-up, and
the advantages and disadvantages of PDT should be ex-
plained in detail and carried out with the consent of patients
and family members. In addition, it is necessary to perfect
relevant inspection, including blood routine examination,
liver and kidney function, blood coagulation function, in-
fectious markers (hepatitis B virus, hepatitis C virus, human
immunodeficiency virus, syphilis), pulmonary function
test, electrocardiogram, chest CT, and fiberoptic broncho-
scope. It is to determine whether the patients can tolerate
photodynamic therapy under bronchoscope and to identify
the location and extent of the lesion, degree of lumen ob-
struction, etc. Skin test should be carried out before the
injection of photosensitizer, and the local reaction should
be observed 15 min later. Only those who are negative can
use the drug. Patients were given intravenous injection of
hematoporphyrin injection Hiporfin (Chongqing Milelonge
Biopharmaceutical Co. Ltd) 2.5 mg/kg. Strictly avoid light
and direct sunlight within 1 week after the injection, the
patients should avoid light and direct sunlight strictly so
patients can stay in a dark room equipped with shade cur-
tains and lighting less than 60 watts, wear sunglasses, and
forbid playing with mobile phones or computers.
According to the length and range of the lesion, the optical
fibers (Guilin Xingda Photoelectric Medical Equipment
Co. Ltd) with different dispersion segment length

(2~6 cm) were selected and introduced into the lesion
through the bronchoscope. The lesion was irradiated by
semiconductor laser with a wavelength of 630 nm routine-
ly. The power density was 100 mW/cm2 and the total ener-
gy density was 100~150 J/cm2, then the irradiation time
was calculated. Segmentalized irradiation and intermittent
laser irradiation should be chosen if the diffuse lesion and
tumor basal area is relatively wide, which is conducive to
the recovery of tissue oxygen concentration and improve
the curative effect. In general, 48 h after administration,
when the drug concentration difference between the tumor
tissue and the surrounding normal tissue reached optimal,
the first laser irradiation was performed. The second laser
irradiation was performed 72 h later; it is necessary to clean
up the surface necrotic material moderately caused by the
first treatment, and avoid excessive bleeding. The irradia-
tion energy should be determined according to the size of
the tumor, and should not exceed the energy that of the first
irradiation. The necrotic material should be cleaned in time
during and 1 week after photodynamic treatment to avoid
dyspnea caused by obstruction of the lumen. Local anesthe-
sia or general anesthesia was selected after evaluating the
operation time according to the patient’s physical condi-
tion, tumor location, and size. For patients with large tumor
that cause severe obstruction of the trachea and bronchus,
the residual roots could be treated with photodynamic

Table 1 The demographics, smoking status, and clinical characteristics of patients

Cases Gender (male: M, female: F) Age (years) Smoking index Pathologic types (squamous cell
carcinoma: S, adenocarcinoma: A)

Clinical stage (TNM)

1 M 48 1200 S T4N2M0 (IIIB)

2 M 66 2000 S T4N2M0 (IIIB)

3 M 73 800 S T4N2M0 (IIIB)

4 F 66 No S T4N0M0 (IIIA)

5 M 67 1500 S T4N0M0 (IIIA)

6 M 73 1600 S T4NOM0 (IIIA)

7 F 68 No A T2aN3M1b (IVA)

8 M 65 1200 S+A T4N3M1a (IVA)

9 M 66 800 S+A T4N4MO (IIIC)

10 F 66 No A T4N0M1a (IVA)

11 M 77 No S T4N2M0 (IIIB)

12 M 68 No S T2N2M1c (IVB)

13 M 71 No A T4N0M0 (IIIA)

14 M 69 No A T4N4MO (IIIC)

15 M 78 No S T4NOM0 (IIIA)

16 M 56 No S T4NOM1 (IIIA)

17 F 54 No S T4N2M0 (IIIB)

18 F 66 No S T4N0M0 (IIIA)

19 M 73 1600 S T4NOM0 (IIIA)

20 M 66 800 S+A T4N4MO (IIIC)
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therapy after resection, argon knife cauterization, or electric
snare ligation of tumor under general anesthesia, which
could obtain better efficacy. After the completion of PDT,
patients were instructed to continue to avoid light, the treat-
ment of possible complications and other matters needing
attention. If the patients had common minor complications
such as fever, hemoptysis, chest tightness, and photosensi-
tivity, it can be symptomatic treated routinely; if the pa-
tients had serious complications such as dyspnea or even
asphyxia caused by acute mucosal edema, perforation, or
fatal massive hemoptysis, they should seek medical advice
in time for endotracheal intubation or tracheotomy to save
lives. After 3 months, the chest CT and fiberoptic broncho-
scope were reexamined to judge the curative effect, and
pathological samples were taken for staining. If there were
residual lesions, photodynamic therapy could be performed
again according to the situation.

Criteria for evaluating clinical efficacy

Chest CT and bronchoscopy were reexamined 3 months after
PDT treatment, and the curative effect was evaluated from the
result of chest CT, bronchoscopy, the pathological tissue
hematoxylin-eosin (HE) staining, TdT-mediated dUTP nick
end labeling (TUNEL) staining, and symptom relief. The re-
sults are shown as follows.

Results

Chest CT results

As could be seen from the chest CT, the volume of the tumor
in the trachea or bronchus was smaller than before and the
obstruction improved after the PDT (Fig. 1).

Results of bronchoscopy

From the results of the bronchoscopy, we could conclude that
after PDT, the tumor volume was reduced and the pathologi-
cal tissue appeared necrotic, the surface was pale, and the
blood vessels were fewer while compared with before, and
less likely to bleed when touched (Fig. 2).

Pathological HE staining results

HE staining showed that before treatment, there were a
large number of tumor cells, closely arranged and disor-
dered, or agglomerated and distributed unevenly. The cell
morphology was not clear and the sizes were various with
large and deeply stained nucleus, and the intercellular sub-
stance was less. After treatment, the number of tumor cells

decreased significantly compared with before and the ar-
rangement was relatively loose and orderly. The cells were
roughly the same size; the intercellular substance increased
obviously and showed uniform staining. The nuclei mor-
phology was incomplete and fragmented, and tumor cells
were evenly distributed among the intercellular substance
(Fig. 3).

Pathological TUNEL staining results

TUNEL staining showed that the number of cells was large
and the nucleus morphology was regular before treatment; the
nuclear membrane was clear and only a small number of ap-
optotic cells could be seen. However, the number of cells
decreased and arranged loosely after treatment, with evenly
stained cytoplasm. The nuclear morphology was irregular and
the nuclear membrane cannot be seen clearly. Apoptotic cells
with typical characteristics such as karyopyknosis,
karyorrhexis, and karyolysis were common (Fig. 4).

Symptom remission results

Bronchial obstruction was better than before; the patient
complained of relief of dyspnea and cough was alleviated,
occasionally hemoptysis and necrotic material. The favorable
and unfavorable outcomes in patients in the two types of of-
fered therapy PDT alone and PDT with surgery were as fol-
lows (Table 2). From the result of chest CT, bronchoscopy,
the pathological tissue HE staining, TUNEL staining, and
symptom relief, we could conclude that PDT combined with
surgery was more effective than PDT alone.

Discussion

The common treatments for lung cancer include surgery, ra-
diotherapy, chemotherapy, and targeted therapy. In recent
years, with the development of interventional medicine,
PDT, as a new minimally invasive method for tumor treat-
ment, has gradually attracted researchers’ attention and been
increasingly applied in the clinical treatment of respiratory
malignancies. PDT is particularly useful for patients with
advanced disease and those with early central lung cancer
but are unable to undergo surgery [7–9]. It also has good
compatibility with common treatment methods [3]. It can be
combined with interventional tumor reduction under bron-
choscope or surgery to achieve better results [10]; In addition,
studies have confirmed that PDT combined with radiotherapy
can produce superimposed therapeutic effect, which is safe
and effective [11, 12]; Moreover, PDT combined with che-
motherapy is not only effective but also can reduce the num-
ber of chemotherapy cycle, thus reducing the side effects on
the body. [13–15]. Combined with molecular-targeted drugs
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can not only improve its drug resistance but also enhance the
effect of photodynamic therapy [16]. However, the researches
of PDT combined with immunotherapy are still in the labo-
ratory stage, and the curative effect of its combination is
unclear, which needs to be further studied.

PDT is a minimally invasive therapeutic method with
low toxicity [3], repeatability [17], specificity, and applica-
bility. Photodynamic therapy consists of three essential
components that is photosensitizer, light, and oxygen
[18]. It makes use of the high affinity of the photosensitizer

Before PDT After PDT

Fig. 1 Changes in chest CT
3months later after PDT. The first
column was before the
photodynamic treatment, and the
second column was the
corresponding after treatment
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Before PDT After PDT

Fig. 2 Changes in bronchoscopy
3months later after PDT. The first
column was before the
photodynamic treatment, and the
second column was the
corresponding after treatment
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to the tumor tissue, so that the photosensitizer accumulates
in the tumor tissue, and when the concentration difference
of the photosensitizer between the tumor tissue and the
surrounding normal tissue reached optimal, appropriate
wavelength of laser is used to irradiate the diseased tissue
to stimulate the photosensitizer, which absorbs energy and
transitions to the excited state. When it returns to the
ground state, it can release energy and transfers it to molec-
ular oxygen then produce toxic photochemical product–
oxidizing active substances such as free radicals and singlet
oxygen (1O2), which produce a series of biological effects
through various mechanisms that eventually lead to the ap-
optosis, necrosis, or autophagy of tumor cells [3, 19–22].
Furthermore, PDT can damage the vascular endothelium of
tumor tissue and cause thrombosis, inhibit the formation of
neovascularization thus blocking the blood supply of tu-
mor, resulting in tissue ischemia and hypoxia [23, 24].
PDT can also activate the anti-tumor effect of the body’s
immune system and induce the formation of a variety of
immune molecules and to eliminate tumor cells, which is
of great significance in preventing tumor recurrence
[25–29]. The selective accumulation of photosensitizers in
tumor tissues and the selective laser irradiation on the path-
ological tissues together constitute the double targeting

effects of PDT (drug-targeted aggregation and laser-
targeted activation) [30]. Photosensitizers accumulate in
significantly higher concentrations in cancer cells than in
regular cells [31]; therefore, the damage to normal tissues is
slight and easy to recover.

In this study, the short-term clinical efficacy of PDT for
bronchial lung cancer was evaluated by analyzing the result
of chest CT, fiberoptic bronchoscope, the pathological tis-
sue HE, TUNEL staining, and symptom relief 3 months
later after PDT or interventional tumor reduction combined
with PDT. The results showed that the tumor was smaller
than before and the obstruction of trachea or bronchus was
improved concluded from chest CT. Fiberoptic bronchos-
copy revealed that the surface of the lesion was gray or
necrotic material was fell off and coughed out. HE staining
showed that before treatment, there were a large number of
tumor cells, closely arranged and disordered, or agglomer-
ated and distributed unevenly. The cell morphology was not
clear and the sizes were various with large and deeply
stained nucleus, and the intercellular substance was less.
After treatment, the number of tumor cells decreased sig-
nificantly compared with before and the arrangement was
relatively loose and orderly. The cells were roughly the
same size; the intercellular substance increased obviously

Before PDT After PDT

Fig. 3 Changes in the pathological tissue HE staining 3 months later after PDT. The first columnwas before the photodynamic treatment, and the second
column was the corresponding after treatment
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and showed uniform staining. The nuclei morphology was
incomplete and fragmented, and tumor cells were evenly
distributed among the intercellular substance. TUNEL
staining showed that the number of cells was large and the
nucleus morphology was regular before treatment; the nu-
clear membrane was clear and only a small number of ap-
optotic cells could be seen. However, the number of cells
decreased and arranged loosely after treatment, with evenly
stained cytoplasm. The nuclear morphology was irregular
and the nuclear membrane cannot be seen clearly.
Apoptotic cells with typical characteristics such as

karyopyknosis, karyorrhexis, and karyolysis were com-
mon. The result of symptom remission revealed that bron-
chial obstruction was better than before; the patient
complained of relief of dyspnea and cough was alleviated,
occasionally hemoptysis and necrotic material. Moreover,
PDT combined with surgery was more effective than PDT
alone.

To sum up, PDT for bronchial lung cancer can achieve a
satisfactory short-term clinical treatment effect and improve
the life quality of patients, but the long-term clinical effect
remains to be further studied.

Table 2 Favorable and unfavorable outcomes in patients in the PDT alone and PDT with surgery

PDT alone PDT with surgery

Favorable outcome It takes less time so no anesthesia is needed. Less
invasive to the body bronchial lumen and less likely
to bleed.

The tumor tissue in the lumen was surgical resected first to
reduce tumor load, and then laser irradiation was used to
increase the degree of tumor necrosis and apoptosis. Less
likely to relapse than PDT alone and is more effective than
PDT alone.

Unfavorable outcome PDT alone is only limited to tumor tissues without
bulge in the lumen, that is, diffuse invasion and
unresectable tumor tissues.

It takes a long time and the patient needs general anesthesia.
During the resection of the tumor, it is very prone to
bleeding and even perforation

Before PDT            After PDT

Fig. 4 Changes in the pathological tissue TUNEL staining 3 months later after PDT. The first column was before the photodynamic treatment, and the
second column was the corresponding after treatment

760 Lasers Med Sci (2021) 36:753–761



Funding information This work was supported by the grants from
Huangdao Science and Technology Bureau Project of Qingdao (2014-
1-77).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies were in accor-
dance with the ethical standards of the institution or practice at which
the studies were conducted.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Chen W, Zhang S, Zou X (2010) Evaluation on the incidence,
mortality and tendency of lung cancer in China. Thorac Cancer
1(1):35–40

2. Dela Cruz CS, Tanoue LT, Matthay RA (2011) Lung cancer: epi-
demiology, etiology, and prevention. Clin Chest Med 32(4):605–
644

3. Agostinis P et al (2011) Photodynamic therapy of cancer: an up-
date. CA Cancer J Clin 61(4):250–281

4. Leman JA, Morton CA (2002) Photodynamic therapy: applications
in dermatology. Expert Opin Biol Ther 2(1):45–53

5. Dougherty TJ et al (1978) Photoradiation therapy for the treatment
of malignant tumors. Cancer Res 38(8):2628–2635

6. Huang Z (2008) An update on the regulatory status of Pdt photo-
sensitizers in China. Photodiagnosis Photodyn Ther 5(4):285–287

7. McCaughan JS, Williams TE (1997) Photodynamic therapy for
endobronchial malignant disease: a prospective fourteen-year
study. J Thorac Cardiovasc Surg 114(6):940–947

8. Moghissi K et al (1999) The place of bronchoscopic photodynamic
therapy in advanced unresectable lung cancer: experience of 100
cases. Eur J Cardiothorac Surg 15(1):1–6

9. Loewen GM et al (2006) Endobronchial photodynamic therapy for
lung cancer. Lasers Surg Med 38(5):364–370

10. Jheon S, Kim T, Kim JK (2011) Photodynamic therapy as an ad-
junct to surgery or other treatments for squamous cell lung cancers.
Laser Ther 20(2):107–116

11. Freitag L et al (2004) Sequential photodynamic therapy (PDT) and
high dose brachytherapy for endobronchial tumour control in pa-
tients with limited bronchogenic carcinoma. Thorax 59(9):790–793

12. Corti L et al (2007) Long-term survival of patients treated with
photodynamic therapy for carcinoma in situ and early non-small-
cell lung carcinoma. Lasers Surg Med 39(5):394–402

13. Akopov A et al (2014) Preoperative endobronchial photodynamic
therapy improves resectability in initially irresectable (inoperable)
locally advanced non small cell lung cancer. Photodiagn Photodyn
Ther 11(3):259–264

14. Zhang W et al (2016) Co-delivery of cisplatin prodrug and chlorin
e6 by mesoporous silica nanoparticles for chemo-photodynamic
combination therapy to combat drug resistance. ACS Appl Mater
Interfaces 8(21):13332–13340

15. Kimura M et al (2015) Photodynamic therapy (PDT) with chemo-
therapy for advanced lung cancer with airway stenosis. Int J Mol
Sci 16(10):25466–25475

16. Gallagher-Colombo SM et al (2015) Erlotinib pretreatment im-
proves photodynamic therapy of non-small cell lung carcinoma
xenografts via multiple mechanisms. Cancer Res 75(15):3118–
3126

17. Hopper C (2000) Photodynamic therapy: a clinical reality in the
treatment of cancer. Lancet Oncol 1(4):212–219

18. Dolmans DE, Fukumura D, Jain RK (2003) Photodynamic therapy
for cancer. Nat Rev Cancer 3(5):380–387

19. Josefsen LB, Boyle RW (2012) Unique diagnostic and therapeutic
roles of porphyrins and phthalocyanines in photodynamic therapy,
imaging and theranostics. Theranostics 2(9):916–966

20. Nowak-Stepniowska A, Pergol P, Padzik-Graczyk A (2013)
Photodynamic method of cancer diagnosis and therapy–
mechanisms and applications. Postepy Biochem 59(1):53–63

21. Kessel D, Oleinick NL (2010) Photodynamic therapy and cell death
pathways. Methods Mol Biol 635:35–46

22. Mehraban N, Freemann HS (2015) Developments in PDT sensi-
tizers for increased selectivity and singlet oxygen production.
Materials (Basel) 8(7):4421–4456

23. Krammer B (2001) Vascular effects of photodynamic therapy.
Anticancer Res 21(6b):4271–4277

24. Huang Z et al (2008) Photodynamic therapy for treatment of solid
tumors–potential and technical challenges. Technol Cancer Res
Treat 7(4):309–320

25. Korbelik M (2006) PDT-associated host response and its role in the
therapy outcome. Lasers Surg Med 38(5):500–508

26. Kabingu E et al (2007) CD8+ T cell-mediated control of distant
tumours following local photodynamic therapy is independent of
CD4+ T cells and dependent on natural killer cells. Br J Cancer
96(12):1839–1848

27. Wang Y et al (2016) A photodynamic therapy combined with top-
ical 5-aminolevulinic acid and systemic hematoporphyrin deriva-
tive is more efficient but less phototoxic for cancer. J Cancer Res
Clin Oncol 142(4):813–821

28. Reginato E, Wolf P, Hamblin MR (2014) Immune response after
photodynamic therapy increases anti-cancer and anti-bacterial ef-
fects. World J Immunol 4(1):1–11

29. Hwang HS et al (2018) Combination of photodynamic therapy
(PDT) and anti-tumor immunity in cancer therapy. J Pharm
Investig 48(2):143–151

30. Xu P et al (2012) Receptor-targeting phthalocyanine photosensitiz-
er for improving antitumor photocytotoxicity. PLoS One 7(5):
e37051

31. Kwiatkowski S et al (2018) Photodynamic therapy-mechanisms,
photosensitizers and combinations. Biomed Pharmacother
106(106):1098–1107

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

761Lasers Med Sci (2021) 36:753–761

http://creativecommons.org/licenses/by/4.0/

	Analysis of the short-term effect of photodynamic therapy on primary bronchial lung cancer
	Abstract
	Introduction
	Materials and methods
	Clinical data
	Photodynamic therapy

	Methods
	Criteria for evaluating clinical efficacy
	Results
	Chest CT results
	Results of bronchoscopy
	Pathological HE staining results
	Pathological TUNEL staining results
	Symptom remission results

	Discussion
	References


